In a two-year study, com was subjected to controlled flooding during various physiological stages of growth by using specially constructed isolated field plots to determine how growth and grain yield were affected by excess soil water. Com was most susceptible to flooding at the early-vegetative stage (36 days after planting) with maximum reductions in plant-canopy height, dry-matter production, and grain yield. Two-year averages of the crop susceptibility (CS) factors calculated from the yield data were 0.64, 0.44, 0.15, and 0.19 for earlyvegetative, late-vegetative, flowering, and yield-formation stages of growth, respectively. The SDI concept was tested by comparing the relative yield-SDI relationships for a nearby area with naturally fluctuating water tables using CS values obtained in this study. The SDI models indicated a linear decrease in the relative yield with increasing wetness (SDI values), but the best-fit regression lines of the yield-SDI data for the undrained area differed considerably between years. 
INTRODUCTION

E
xcessive rainfall on poorly drained soils usually results in very high water tables or even temporary flooding. Planting delays, poor crop emergence, and reduced efficiency of farming operations are typical problems resulting from excessive soil wetness. In addition, poor soil aeration may reduce crop growth. Therefore, substantial crop yield losses due to inadequate soil-water drainage may occur (DeBoer and Ritter, 1970; Wesseling, 1974; Kanwar etal, 1984) .
The degree of crop damage due to excessive soil wetness varies with plant species and duration and timing of flooding, or high water table conditions, during the growing season. Plant species that most rapidly produce adventitious roots suffer the least injury and have the greatest rate of recovery from flooding or excess soil-water stress (Kramer, 1951; Purvis and Williamson, 1972 grain yields with longer periods of flooding. This adverse effect of longer flooding periods may be due to prolonged oxygen deficiency in the root zone.
The timing of excess soil-water conditions relative to plant-growth stage during active crop growth seems to play an important role in reduction of grain yields and the extent of injury to plants. Flooding To provide drainage to avoid excessive wetness, effective drainage system designs are based not only on the evaluation of the soil properties affecting drainage, but also incorporate the drainage requirement criteria for the crops to be grown. Hiler (1969) proposed the stress-day index (SDI) concept as a quantitative means of determining the degree of stress (excess or deficit soil-water stress) imposed on a crop during its growing season. One of the components of SDI is the crop susceptibility (CS) factor that describes the plant susceptibility (or response) to stress and depends upon the species and the stage of development of a given crop. Field and lysimeter experiments have been conducted to determine values for CS factors for various physiological growth stages of corn and soybeans subjected to controlled flooding (Barkle and Schwab, 1984; Evans and Skaggs, 1984 A sump pump, with its inlet connected to a garden hose (16-mm OD) and a swing check-valve assembly, was used to control the elevation of the water table in each plot. When flooding was desired, the pump was raised to the top of the sump, and water was added to the sump through the garden hose. Water from the sump moved into the tile line causing flooding of the plot by subirrigation. The height of the sump pump was adjusted until ponding on the plot surface was observed. To maintain the water table at 0.9 m below the soil surface during unflooded periods, the pump was lowered into the sump, and its height adjusted according to the water table elevation measured in an observation well (1.5-m long, 38-mm OD, plastic pipe with perforated sides and open bottom) installed in the center of the plot. The heights of the sump pump was adjusted if observation well readings varied more than ± 100 mm from 0.9 m. A continuous supply of water was maintained to the sump from a 1893-L plastic water-storage tank. The excess t-Plots = plots assigned to corresponding treatments.
MATERIALS AND METHODS
EXPERIMENTAL
*DAP = days after planting.
^Not flooded, water table maintained at 0.9 cm.
water that drained out of the plot and discharged into the sump from the tile line was pumped back to the tank through the same hose used to supply water to the sump. This was accomplished by reversing the direction of the flow with the swing check valve. Table 1 gives the various treatments and flooding times for early-vegetative, late-vegetative, flowering, and yieldformation stages of growth. Each flooding was for a 10-day period. The other treatment was a "control" treatment in which the water table was maintained at about 0.9 m below the soil surface throughout the growing season. The water tables on the flooding treatment plots were also maintained at 0.9 m when not being flooded. Five treatments, replicated twice, were assigned to 10 experimental plots. A complete randomized design was used for comparing the treatment effects on plant canopy height, dry matter weight, grain yield, and CS and NCS factors. The GLM (general linear model) procedure of the SAS program was used for the statistical analysis.
EXCESS WETNESS TREATMENTS TO DETERMINE CS FACTORS
MEASUREMENTS OF PLANT-GROVH'H PARAMETERS
Plant canopy heights and dry-matter weights were determined 36, 56, 76, 100, and 125 days after planting. Plant canopy height was measured as the distance from the ground surface to the top flag leaf (even after tasseling). Four plants were randomly selected at the early-vegetative growth stage (36 days after planting), and their average canopy height was recorded throughout the growing season for each plot. Four randomly selected plants were cut at ground level in each plot and average dry matter weight per plant was determined after drying to a constant weight at 60"^ C. At maturity, com grain yields were measured from 10 consecutive plants hand harvested from the middle of the second row ( fig. 2) 
EFFECT OF CONTROLLED FLOODING ON PLANT-GROWTH PARAMETERS AND GRAIN YIELD
Average plant heights and dry-matter weights measured 125 days after planting are given in Table 2 . It should be noted that no plant mortality due to flooding was observed for any of the treatments. Plant canopy heights for some treatments were statistically different (at the 5% level) in 1987, but no statistical differences in the canopy heights for any treatments were observed in 1988. In 1987, the greatest reduction in the canopy height due to flooding occurred at the early-vegetative and flowering stages when the canopy heights were significantly lower than those from the control treatment In addition, canopy heights for the early-vegetative treatment were significantly lower than those for the rest of the treatments.
The statistical analysis of the two-year averages of the canopy heights for all treatments showed that canopy heights for the control and yield-formation treatments were significantly greater than those for the early-and latevegetative treatments, with the greatest reduction for the early-vegetative stage.
The flooding effect on plant dry-matter production was statistically significant for some treatments for each of the two years. For both years, the greatest reduction in the drymatter weights occurred when the com was flooded at the early-vegetative stage of growth. The two-year averages of the plant dry-matter weights for all treatments were similar except for the early-vegetative treatment for which plant dry-matter weights were significantly lower than those for the rest of the treatments.
Table 2 also shows that average canopy heights and dry matter weights for com in 1988 were significantly lower than those in 1987. This may be due to variations in weather conditions when low rainfall (especially in the early part of the 1988 growing season) and higher temperatures during flooding at three of four growth stages in 1988, further depressed the growth parameters.
Hooding, irrespective of the growth stages of the crop, reduced grain yield (Table 2 ). Flooding at the earlyvegetative stage reduced yields most, followed by flooding at the late-vegetative stage. Statistically, yield for the control treatment in 1987 was significantly greater than for the rest of the treatments, but in 1988, yield for the control treatment was significanUy greater than the early-and latevegetative stages only. Two-year average yields for all treatments ( Table 2 ) also indicate that significantly lower yields resulted from flooding at the two vegetative stages as compared with flooding at the flowering and yieldformation stages, which were statistically similar to the yield from the control treatment The grain yield in 1988 was significantly lower than 1987. This is in line with the more pronounced depression in the plant growth parameters (plant-canopy heights and Averages followed by different letters (columns) are different at 5% level. ^Averages followed by different letters (row) are different at 5% level. ^Average CS and NCS values computed from the yield data of lysimeters (Evans et al., 1986 ). * Averages in columns followed by different letters are different at 5% level.
dry-matter weights) resulting from drier weather and higher temperatures. 3. The SDI models developed between measured relative yields and the stress-day index indicated a linear decrease in the relative yields with increasing soil wetness (SDIs).
CROP SUSCEPTIBILITY (CS) AND NORMALIZED CROP SUSCEPTIBIUTY (NCS) FACTORS
4. The lack of a good agreement between the slopes of best-fit regression lines of the relative yield versus SDI data for two different years for the nearby undrained area indicate there are factors other than wetness that are affecting corn yield which the SDI model does not take into account.
